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RÉSUMÉ.— Contribution à la modélisation du flux de phosphore dans le barrage de Hammam 
Boughrara (province de Tlemcen, Algérie) : application à la gestion de l’eutrophisation.— Dans la 
présente étude portant sur le barrage de Hammam Boughrara, mis en eau en 1999, nous avons appliqué 
plusieurs modèles de bilan du phosphore, à savoir les modèles de Vollenweider (1969), de Dillon & 
Rigler (1975), de Walker (1977), de Reckhow (1977) et d’Ostrofsky (1978). Afin de prendre en 
considération la vitesse de submersion graduelle des surfaces inondées, caractérisée ordinairement par un 
accroissement très important de l’état trophique résultant des apports endogènes du phosphore par 
lessivage, nous avons tenté d’adapter le modèle d’Ostrofsky (1978) à la réalité du réservoir étudié, et ce 
en ajoutant une nouvelle dimension. Les résultats obtenus montrent que le modèle proposé semble 
pertinent. 
SUMMARY.— In the present study, carried out on the Hammam Boughrara dam (impounded in 
1999), a number of phosphorus balance models were applied, namely, Vollenweider (1969), Dillon & 
Rigler (1975), Walker (1977), Reckhow (1977) and Ostrofsky (1978) models. In order to take into 
account the rate of gradual submergence of flooded surfaces which is ordinarily characterized by an 
important increase in the trophic status as a result of endogenous inputs of phosphorus by leaching we 
have tried to adapt the Ostrofsky model (1978) to the reality of studied dam, by adding a new dimension. 
The obtained results show that the proposed model seems relevant. 
_________________________________________ 
Balance models of nutrient elements in a lacustrine system date back to the early 
1960s. Reductionist researchers prefer to study a system globally to calculate the 
concentration of a nutrient in the lake on the basis of input loads (Goldman, 1960). We are 
principally interested by this type of models. Numerous researchers have attempted to 
explain both anthropic and natural actions on a lake by a model using phosphorus as an 
interference tool on the quality of a lake (Vollenweider, 1968, 1969, 1976; Schindler et 
al.,1971a; Hutchinson, 1973; Schindler & Fee, 1974; Vallentyne, 1974; Wetzel et al, 1975; 
Dillon & Rigler, 1974a; Larsen & Mercier, 1976; Reckhow, 1978; Kalff & Knoechel, 1978; 
Schindler, 1978; Chabra & Rekhow, 1979). 
The main interest of using this kind of models led us to formulate two guiding 
objectives for the present study on Hammam Boughrara dam. They are: 
- In one part, to determine whether these models are suitable to the lake and, in the 
other part, to examine their accuracy with respect to observed reality. 
- To explore the possibility of adapting this methodology to the artificial ecosystem 
(dam). Hence, it is important to develop the period following the impoundment, which is 
often marked with an enrichment of the water by leaching. On the basis of Ostrofsky model 
(1978), we have added a dimension allowing us to take into account the progressive 
flooding of surfaces. 
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MATERIALS AND METHODS 
PRESENTATION OF THE SITE 
The basin of Oued Mouillah, which belongs to the watershed of the Tafna (7245 km2) and is regulated by the 
dam Hammam Boughrara, is located in the extreme northwest of the province of Tlemcen (Western Algeria). It 
occupies an area of 2000 km2 with a perimeter of 241 km. The basin is largely shared with Morocco (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1— Location of the studied watershed. 
 
It is characterized by a semi-arid climate. The annual average temperatures vary between 15.7 and 18.4 °C 
(period of 1977-1995). The precipitations are relatively low and unevenly distributed during the year. The annual 
average is 297 mm (period of 1977-1995). Actual evaporation on the open water at the level of confluence of 
Oued Mouillah and Tafna was estimated at about 1167 mm per year (Djelita et al., 2015). 
Annual specific sediment registered yields are in majority weak, between 17.3 and 1038.4 t.km-2.yr-1 and the 
interannual average is 252.1 t.km-2.yr-1 (Ghenim et al., 2008). This is translated by a flow deficit of around 70 % 
which resulted since the late 1970s (Meddi & Hubert, 2003). It is emphasized that during the study period, the 
interannual flow rate did not exceed 6 % of the interannual mean value and that this basin is part of Tafna which 
receives less aggressive rains (Zekri, 2003). 
Hammam Boughrara dam whose impoundment was done in 1999 is located at the confluence of Oueds 
Mouillah and Tafna. It has a capacity of 177 million m3 of which 59 million m3 are regularized (useful volume) 
and 23.30 million m3 constitute the dead volume. The area of its water body varies from 2.5 to 4.2 km2. Its average 
and maximum depths are 15 m and 32 m respectively. The dam is designed mainly to satisfy the drinking water 
needs of Oran (33 million m3) and Maghnia (17 million m3) cities. Nine million m3 are planned for irrigation. It 
was noticed that before the dam construction, no ecological study allowing predicting the development of its water 
quality has been conducted (Djelita et al., 2015). 
MATHEMATICAL MODELLING OF THE PHOSPHORUS BALANCE 
"Input-output" models, also called "balance models", are spatially- and temporally-aggregated mathematical 
simulation models. The reservoir (lake) is analogically considered as a reservoir when the bio-physicochemical 
composition is homogeneous at each point (Schindler, 1971b). We were interested in the concentration that matter 
quantity presented in the reservoir any time. 
The balance model basics are always founded on the following hypothesis: "After a given time, the 
phosphorus present in the medium is equal to that present at the beginning of the period, the higher which enters, 
the lower which comes out" (Vollenweider, 1976). This hypothesis can be described using the following equation: 
    E St t tP P P P   
                                                                 (01) 
where P(t+Δt)= total Phosphorus (mg.an
-1) at time t+Δt; P(t) = total phosphorus at time t (mg.an-1); PE = total 
phosphorus that enters during the time period Δt (mg.an-1); PS = total phosphorus that comes out during the time 
period Δt (mg.an-1). 
This equation can be written in terms of speed variation of the phosphorus load as: 
SE
dPdPdP
dt dt dt
                                                                       (02) 
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where: 
dP
dt
= variation of the phosphorus quantity in the reservoir; E
dP
dt
= variation of the phosphorus quantity that 
enters the reservoir; S
dP
dt
= variation of the phosphorus quantity that comes out the reservoir. 
Vollenweider model (1969) 
This model is unavoidable for any study concerning the phosphorus balance in a reservoir. The major 
developments in the domain are based wholly, or partly, on his theories. In 1969, Vollenweider proposed the 
following equation: 
 
   L t E L Lt t
Vd P
P Q P V P
dt
  
                                                            (03) 
where [PL]t  = average concentration of total phosphorus in the reservoir at time "t" (mg. m
-3); V = reservoir volume 
(m3); PE = annual quantity of total phosphorus entering the reservoir (Tones. yr
-1); Q = Volume of water passing 
annually into the reservoir (Mm3. yr-1); σ = proportionality coefficient of sedimentation (yr-1). 
Having as solution: 
      
   0
0
0
1
t t
pt t
L Lt t
I e
P P e
 
 
 
  
  

 

                                                   (04) 
Where [PL]t0 = Total phosphorus initial average concentration in the reservoir (mg. m
-3); σ = proportionality 
coefficient of sedimentation (yr-1); ρ = frequency of renewal of water body QV
-1 (yr-1); Ip = annual volume ratio 
(mg.m-3. yr-1). 
And at steady state: 
  pL
I
P
 


                                                                            (05) 
with  LP  = total phosphorus average concentration in the lake at steady state (mg. m
-3). 
This equation (5) appears in the literature under different but equivalent forms such as: 
 
 
p
L
L
P
Z  


                                                                         (06) 
         P
S
L
Z q


                                                                           (07) 
Where τ = ρ-1 : average residence time of water in the reservoir (yr); VSed = Zσ : apparent speed of sedimentation 
(m. yr-1); qs = Z / τ : equivalent thickness of water layer in the reservoir received annually (m. yr
-1); Z : average 
depth (m). 
One of the main difficulties using this model comes from the determination of the sedimentation rate "σ". 
Vollenweider (1975) estimated "σ" by the following equation: 
ln σ = ln 5.5 ‒ 0.85 ln Z                                                                      (08) 
Dillon & Rigler Model (1975) 
Dillon & Rigler proposed a model with more easily measurable variables. Their efforts were not limited on 
balance models, but were rather part of a wider empirical development enabling estimation of the retention 
coefficient. Thus this model can be given as follows: 
 
 1P
L
L R
P
Z


                                                                         (09) 
Since: Ip = Lp / Z and R: retention coefficient of phosphorus trapped in the lake or in the reservoir. 
The retention coefficient denoted by R is defined as the ratio between the phosphorus trapped in the reservoir 
and the entering phosphorus (that is to say, the fraction of the phosphorus entering the lake and that will not be 
evacuated by the effluents). For the estimation of this coefficient, the authors (Dillon & Rigler, 1974b) suggest 
using the following empirical relationship: 
   0.271 0.00949
0.426 0.574S S
q q
R e e
 
      for qs˃ 10 m. yr
-1 
0.0425 0.00949
0.201 0.574S S
q q
R e e
            for qs˂ 10 m. yr
-1 
Walker Model (1977) 
Many researchers have worked on these empirical models in order to provide progressively more refined 
versions of the most accurate equation. Thus, Walker (1977) proposed the use of the developed relation, on a set of 
105 temperate reservoirs in North America (R² = 0.90): 
  0.454
1
1 0.824
P
L
I
P
 
 
  
 
                                                                  (10) 
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Reckhow Model (1977) 
Using the same data as Walker, Reckhow (1977) proposed a grouping of reservoirs into 3 distinct classes. A 
correlation study between the morpho-hydrological variables of the reservoir and its phosphorus concentration 
enabled the author to choose the variables that appeared to provide the best estimate of phosphorus indicators and 
the quality of the lake, such as Z, ρ and qs. He suggeste using the following formulas: 
 
0.01218
1,05 e
10
S
p
L
q
S
L
P
Z
q
Z




                                                                  (11) 
With qs ˂ 50 m.yr
-1 
 
0.01118
1,05 e
10
S
p
L
q
S
L
P
Z
q
Z




                                                                  (12) 
With qs > 50 m.yr-1 
Ostrofsky model (1978) 
This model is based on the Vollenweider approach (Equation 3). The author suggests taking account inputs 
of phosphorus from flood-borne soil and vegetation when establishing the balance equation during impoundment 
of the reservoir. The Vollenweider (1969) conventional balance equation can be written as: 
   t E t
dP
P P
dt
                                                                          (13) 
Ostrofsky suggests completing the Vollenweider model (1969) with another variable that has a temporal 
dimension to account for indigenous inputs of phosphorus due to leaching of organic matter in newly flooded 
soils. He estimates that the amount of phosphorus leached from the basin of the reservoir can be expressed by the 
following global equation: 
 (1 )
t
Lt FP P e
                                                                            (14) 
where PLt = total phosphorus leached at time t (kg); PF = quantity of potentially leachable of phosphorus (kg); σ = 
coefficient of leaching (yr-1). 
Where the rate of phosphorus leached will be given by: 
 F
tLt tP e
dP
Be
dt
                                                                         (15) 
So phosphorus balance model can be written as follows: 
 tt E t
dP
P Be P
dt
                                                                       (16) 
where Be-αt = indigenous phosphorus intake. 
The analytical solution of the equation 16 is: 
     1   
( )
t t
o
t tE
t
P B
P e e e P e  
 
     

                                                (17) 
where Ø = ρ + σ : mathematical artifice; P0 = initial quantity of phosphorus in the reservoir. 
In order to determine the concentration of phosphorus predicted by the model, Ostrofsky (1978) equation 
(17) can be written as follows: 
       1   
( )
t t toP
L
t
t
PI B
P e e e e
ZS ZS
  
 
      

                                         (18) 
ADAPTING THE OSTROFSKY MODEL (1978) 
A weakness of the hypothesis that we have noticed in the Ostrofsky model (1978) is that it takes reservoir filling 
time as instantaneous, marking the immediate commencement of leaching on all flooded surfaces of the reservoir. 
On this precise point, we have suggested replacing this hypothesis with a gradual participation in leaching of 
flooded areas. 
To account for the time of filling when estimating indigenous phosphorus leaching inputs after the impoundment 
of a reservoir, we have assumed that the amount of potentially leachable phosphorus (PF) is directly proportional 
to the surface of the submerged area, which can be given by: 
F iP KS                                                                                       (19) 
where Si = flooded area (m
2); the flooded area after time t1 is S1, the flooded area between the times t1 and t2 is 
given by S2-S1 and so on; K = proportionality constant (mg P.m
-2) (potentially leachable phosphorus per m2 
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flooded area, also called PF unitary). 
It means that: 
(1 )tLt iKS eP
                                                                       (20) 
So for S1, we will have 
*( )
1
0(1 )tKS e    ; For S2- S1 we will have  
*
1( )
2 1 (1 )
t t
K S S e
    ; for Sn- Sn-1 
we will have  
*
1( )
1 (1 )
n
n
t
n
t
K S S e
  
   ; the summation gives the total quantity of leached phosphorus at time 
t*.  It is easy to check that the following integral formula holds: 
    
*
* *
0
' 1
t
t t t
LP KS t e dt
 
                                                           (21) 
where  '
dS
S t
dt
  
To estimate the leaching rate *
*
t
LdP
dt
 we use Leibnizt rule of differentiation of an integral that is enunciated as 
following: 
 
 
   
 
 
  
 
  
 ,
, , ,
h y h y
g y g y
f x y dh y dg yd
f x y dx dx f h y y f g y y
dy y dy dy

  
 
 
Hence: 
     
             *
*
*
* * * 0
0
' 1 * 0
' * 1 ' 0 1
* * * *
t
t t
t
L t t t
KS t edP d t d
dt KS t e KS e
dt t dt dt

 
 
  
 
    

 
Therefore, it remains: 
   *
* *
0
'
*
t
tL t t
dP
KS t e dt
dt


 
 
                                                                 (22) 
Otherwise, the flooded area depending on time can be expressed by a function such as:  
   max 1 atS t S e                                                                      (23) 
where Smax = total flood area (km²); ɑ = submersion coefficient (yr
-1); t = elapsed time since the start of 
impoundment (yr). 
The flood rate ( )
 
dS t
dt
will be given by: 
  max' . .
atS t a S e                                                                      (24) 
Substituting in the equation 22 we obtain the leaching rate: 
 
max
0
. .t
tL t xax
dP
Ka S e e dx
dt


  
                                                             (25) 
                                                                        =  
max
0
t a x ta KS e e dx
 
  

 
                                                                       
  
max
0
t
a x te e
a KS
a
 


  


 
                                                                       
 
max
a t t te e e
a KS
a
  


   
    
 
max.
t
at t
LdP e e
a K S
dt a



  
  
 
                                                              (26) 
for α ≠ ɑ 
One can rewrite the modified equation of the balance sheet as follows: 
 max.
t
at t
L
E t
dP e e
P a K S P
dt a

  

  
    
 
                                        (27) 
and rewrite the previous equation in the form: 
  max
at t
t
t E
dP e e
P P a KS
dt a

  

  
     
 
 
which gives a linear differential equation whose general form is: 
0 0 
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   
dy
yP t Q t
dt
   
This type of equation possesses as general solution: 
 
 
( )P t dt p t dt
y e Q t e dt c
    
    
where "c" is the integration constant. In our case it becomes: 
   
  max
at t
E
P t
e e
Q t P a KS
a

 


 
 
 
   
 
 
So: 
    ( )P t dt dt t         
By putting:       and maxa KS L   the equation (27) will have the solution: 
at t
t t
t E
e e
P e P L e dt c
a

 

 

   
          

  
   at t t t
E
L L
e P e dt e dt e dt c
a a
   
 
           
  
 
 
  
 
  
a tt t
t EP e Le Lee c
a a a
  

     
   

 
    
       
 
 
at t
tEP L e e ce
a a


    
 
     
     
The evaluation of the value of constant "c" is done keeping in mind the following initial conditions: t = 0 
and P = P0 this leads to:  
 0
1 1EP LP c
a a    
 
    
   
 
So: 
 0
1 1EP Lc P
a a    
 
    
   
 
Substituting "c" it follows that: 
 
 
 
 
 
  0
1
at t t t
t tE
t
e e e eP L
P e P e
a a
  
 
    
   
 
  
     
   
 
                      (28) 
for ɸ ≠ α and ɸ ≠ ɑ with 
max.L aK S  
To determine the concentration of phosphorus under the new proposed model in the present study, equation 
(28) can be written as follows: 
   
 
 
 
 
 
01
at t t t
p t t
L t
e e e eI PL
P e e
ZS a a ZS
  
 
    
   
 
  
     
   
 
      (29) 
Thus we get the new proposed model for the calculation of phosphorus concentration present in the water of the 
reservoir after the time "t". 
Study of the limit when "a" tends to infinity in the equation (28) 
 
 
   
0lim lim 1
at t t t
t tE
t
a a
e e e eP L
P e P e
a a
  
 
    
   
 
 
   
      
    
  
 
 
 
 
   
 
 
  0lim 1 lim lim lim
at t t t
t tE
a a a a
e e e eP L L
e P e
a a a
  
 
     
  
 
   
     
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This is the Ostrowsky equation (17) because
maxFB P KS    
Study of the limit when the time "t" tends to infinity in the equation (28) 
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which represents the steady state of the Vollenweider model (1969). 
We find that this model is therefore a generalization of those of Ostrofsky (1978) and Vollenweider (1969). 
This being the case, if the parameter "a" tends to infinity (so the immediate beginning of leaching on the entire 
flooded area of the reservoir), this model is identical to that of Ostrofsky. If the time "t" tends to infinity, the 
response of the model is the same as Vollenweider (1969). 
 
RESULTS AND DISCUSSION 
The necessary data and parameters used for the application of these models to the 
Hammam Boughrara dam are drawn from results obtained during the period from 1999 to 
2007 by the National Water Resources Agency (ANRH, 2008) services, and are 
recapitulated in Table I.  
The term "PE" represents the total annual quantity in tones per year of phosphorus that 
enters the dam. It is estimated by means of two water analysis stations located upstream of 
the dam. In order to determine the surface of the reservoir, we have calculated the average 
annual volume of reserves from monthly data provided by the ANRH. The surface of the 
water was determined by means of the capacity-surface-height curve. 
The results of the application of Vollenweider (1969), Dillon & Rigler (1975), Walker 
(1975) and Reckhow (1977) models to different annual charges (Tab II, Fig. 2) show that 
the expected concentrations of phosphorus in the lake would be respectively comprised 
between 0.87 and 2.52; 0.60 and 1.85; 0.9 and 2.10; and 0.72 and 1.88 mg. L
-1
, as 
0 0 
0 
0 0 
0 
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mentioned in the table II. 
 
TABLE I 
Recapitulation of the data 
 
 Unit 1999 2000 2001 2002 2003 2004 2005 2006 2007 
Q (Mm3.yr-1) 11.59 36.65 41.25 19.85 36.14 43.28 25.97 37.08 35.11 
PE (Tonne.yr
-1) 108.76 285.01 284.68 309.24 520.41 694.01 470.37 628.17 514.53 
Vmoy (Mm
3) 23.33 40.55 45.32 38.16 35.12 31.49 27.24 42.01 60.84 
S (106 m2) 2.51 3.80 4.10 3.65 3.40 3.14 2.81 3.89 4.79 
moy
V
Z
S
  (m) 9.28 10.66 11.06 10.47 10.34 10.03 9.68 10.79 12.07 
moy
Q
V
   (yr-1) 0.50 0.90 0.91 0.52 1.03 1.37 0.95 0.88 0.58 
1


  (yr-1) 2.01 1.11 1.10 1.92 0.97 0.73 1.05 1.13 1.73 
0.85
5.5
Z
   (yr-1) 0.83 0.74 0.71 0.75 0.76 0.77 0.80 0.73 0.63 
s
Z
q

  (m.yr-1) 4.61 9.64 10.07 5.45 10.64 13.79 9.23 9.52 7.33 
E
p
P
L
S
  (103 mg.m-2.yr-1) 43.29 74.93 69.48 84.82 15.32 22.12 16.72 16.14 10.74 
p
p
L
I
Z
  (mg.m-3.yr-1) 4662.6 7028.2 6281.8 8103.4 14818 22042 17266 14953 8457.5 
 
 
 
TABLE II 
Results of the application of the models of Vollenweider (1969), Walker (1975), Reckhow (1977) and Dillon & 
Rigler (1975) 
 
From 2001, these estimates have the same order and fit well with the concentrations as 
actually measured, whose values vary between 0.85 and 3.45 mg. L
-1
. However, the results 
of the measured concentration of phosphorus for the years 1999 and 2000 show significant 
differences and do not follow the foreseen rate. These differences can be explained by the 
Model Vollenweider Walker Reckhow Dillon & Rigler 
   If qs ˂ 50 m. yr
-1 If qs ˃50 m. yr
-1  
 
 
 
p
L
I
P
 


 
 
0.454
1
1 0.824
P
L
I
P
 
 
    
 
 
0.01218
1,05 e
10
S
p
L
q
S
L
P
Z
q
Z




 
 
0.01118
1,05 e
10
S
p
L
q
S
L
P
Z
q
Z




 
 
 1P
L
L R
P
Z


 
Years (mg. L-1) (mg. L-1) (mg. L-1) (mg. L-1) 
1999 0.87 1.23 0.72 0.60 
2000 1.11 0.96 0.86 0.85 
2001 1.05 0.90 0.81 0.80 
2002 1.71 2.07 1.36 1.11 
2003 2.06 1.69 1.59 1.57 
2004 2.52 1.79 1.87 1.85 
2005 2.37 2.10 1.88 1.84 
2006 2.26 1.98 1.75 1.74 
2007 1.81 1.99 1.43 1.49 
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leaching effect during the first months of impoundment of the Hammam Boughrara dam 
starting by January 1999. Thus, our reason we have appealed to Ostrofsky’s equation 
(1978) is to take into account the endogenous phosphorus intake due to leaching of organic 
matter from newly flooded soils and vegetation after impoundment of the dam. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.— Total phosphorus concentrations versus time, observed and calculated by the models on the dam 
Hammam Boughrara. 
 
Application of the Ostrofsky model allowed us to plot the curve for the total 
concentration of phosphorus in the reservoir over time (Fig. 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.— Total phosphorus concentrations versus time, observed and calculated by the model of Ostrofsky, 
Vollenweider, Reckhow and those proposed in this study after the impoundment of the dam. 
 
It is noticed that this curve is divided into two main parts and that in the second part of 
the curve, from the 27
th
 to the 108
th
 months, i.e. from the total submersion of floodable 
surfaces, the aspects of the Ostrofsky and Vollenweider models were combined, which 
gives the steady state of the Vollenweider equation. 
Comparison of the values predicted by Ostrofsky and Vollenweider models with those 
measured shows that they are all of the same order. However, the measured values are 
slightly higher. From this, we can see that the model gives an overestimation in early 
impoundment, particularly from the 1
st
 to the 26
th
 months. This led us to recheck and 
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discuss the initial assumptions of the Ostrofsky model, in which it considers the reservoir 
filling time is instantaneous. That means it gives a very short period of time to fill the 
reservoir (in the order of a month). In other words, the hypothesis assumes that any flooded 
area immediately releases phosphorus into the reservoir. Indeed, this seems to us the 
weakest of the hypotheses of Ostrofsky model — an appreciation echoed by Ostrofsky 
himself, who criticizes it as "the least realistic hypothesis of the model." 
Consequently, we found it is necessary to deepen the Ostrofsky suggestion to take the 
filling time into account when estimating endogenous inputs of phosphorus in water. To do 
this, we have first estimated the gradually inundation of surfaces by applying equation (23). 
By the application (25), considered as a valid approximation of reality, we get a curve flood 
of planned surfaces and observed over time (Fig. 4). As the value of the flood area is 
known (Smax = 4,2.10
6 
m
2
), and the submergence coefficient was adjusted “a = 0.083 yr-1”, 
the adjustment seems to us to be within the acceptable limit. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.— Surface flooding curves; actual and estimated values. 
 
 
 
Figure 5.— Regression line indicating the relationship of the observed values versus predicted values of the 
average concentration of phosphorus in the dam Hammam Boughrara. 
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The measured results and the values calculated by application of equation 29 (Fig. 3) 
seem to us both satisfactory and consistent. The observations are well represented by the 
model. This allows us to say that the proposed model in the present study is closer to the 
reality of the dam than that of Ostrofsky. 
We judged the results gained by application of the proposed model to be satisfactory, 
and that they deserved to be verified by further appropriate tests. Thus, we used 
STATISTICA 6.1 mgsoftware to study the points cloud distribution of predicted values 
based on observed values and to plot the regression line (Fig. 5). This line, indicating the 
relationship between the observed values and the theoretical values calculated by equation 
(29), presents a good linear fit, as the majority of the points are located within the 95 % 
confidence interval. 
TABLE III 
Correlation matrix 
 
Table III summarizes the correlation results between the different models. We find an 
excellent concordance between our proposed model and measured values for all the dataset 
with a correlation coefficient R of the order of 0.84. We have, likewise, highlighted the 
existence of a good correlation of the measured values with the results of Ostrofsky model 
estimated at 0.78. Similarly, between Reckhow and Vollenweider there exists a correlation 
coefficient R of 0.99. 
CONCLUSION 
Phosphorus being known as the element that most often limits primary production of 
fresh water, hence, there is a need to have tools to forecast the impact of human actions on 
its levels. The phosphorus cycle being very complex and still poorly known, the models of 
"input-output" type represent the approach that has the greatest success for water resource 
managers. 
Given this context, the model designed and developed in the present study represents 
an appropriate tool to describe the evolution of total phosphorus concentration during and 
just after the impoundment of a reservoir. It has shown appreciable predictive power. This 
improvement in predictive power relative to the existing models is due to the addition of 
the time dimension in the flooding of the surfaces during impoundment. 
The application of these models to the Hammam Bouhgrara dam allowed us to 
highlight two important parameters. The first is characterized by a consideration of the 
temporal dimension in the flooding of areas during impoundment of the dam. As for the 
second, it takes into account the effect of the gradual flooding of flooded areas to leaching. 
Comparison of the obtained results with real in-situ measurements, that we possess, shows 
a good concordance and gives a good representation of the real situation of Hammam 
Boughrara dam. 
Finally, the realized work in this study represents a step forward, nevertheless it should 
be improved by additional relevant studies to adjust and adapt its use to water bodies in the 
Significant correlations labeled at p  < 0.05 N=108 (Observations) 
 This study Ostrofsky Vollenweider Reckhow P measured 
This study 1     
P = 0.00 
Ostrofsky 0.93 1    
P = 0.00 P = 0.00 
Vollenweider 0.02 0.12 1   
P = 0.92 P = 0.22 P = 0.00 
Reckhow 0.02 0.11 0.99 1  
P = 0.89 P = 0.23 P = 0.00 P = 0.00 
P measured 0.84 0.78 0.08 0.09 1 
P = 0.00 P = 0.00 P = 0.37 P = 0.38 P = 0.00 
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Mediterranean area. 
REFERENCES 
ANRH (AGENCE NATIONALE DES RESSOURCES HYDRIQUES) (2011).— Bulletins mensuels de la qualité des eaux 
superficielles. Oran, Algérie. 
CHAPRA, S.C. & RECKHOW, K.H. (1979).— Expressing the phosphorus loading concept in probabilistic terms. J. 
Fisher. Board Canada, 36: 225-229. 
DILLON, P.J. & RIGLER, F.H. (1974a).— The phosphorus-chlorophyll relationship in lakes. Limnol. Oceanogr, 19: 
767-773. 
DILLON, P.J. & RIGLER, F.H. (1974b).— A test of a simple nutrient budget model predicting the phosphorus 
concentration in lake water. J. Fisher. Board Canada, 31: 1771-1778. 
DILLON, P.J. & RIGLER, F.H. (1975).— A simple method for predicting the capacity of a lake for development 
based on lake trophic status. J. Fisher. Board Canada, 32: 1519-1531. 
DJELITA, B., NEHAR, K. & BOUZID-LAGHA, S. (2015).— Mécanismes d’eutrophisation dans le barrage de 
Hammam Boughrara, Algérie: Apports en nutriments et dynamique des populations phytoplanctoniques. 
Geo-Eco-Trop, 39: 101-118. 
GHENIM, A., SEDDINI, A. & TERFOUS, A. (2008).— Variation temporelle de la dégradation spécifique du bassin 
versant de l’Oued Mouilah (nord-ouest Algérien) /Temporal variation of the specific sediment yield of 
the Wadi Mouilah basin (northwest Algeria). Hydrol. Scie. J., 53: 448-456. 
GOLDMAN, C.R. (1960).— Primary productivity and limiting factors in three lakes of the Alaska Peninsula. Ecol. 
Monogr., 30: 207-230. 
HUTCHINSON, G.E. (1973).— Marginalia: Eutrophication: The scientific background of a contemporary practical 
problem. Amer. Scient., 61: 269-279. 
KALFF, J. & KNOECHEL, R. (1978).— Phytoplankton and their dynamics in oligotrophic and eutrophic lakes. Ann. 
Rev. Ecol. Syst., 9: 475-495. 
LARSEN, D.P. & MERCIER, H.T. (1976).— Phosphorus retention capacity of lakes. J. Fisher. Board Canada, 33: 
1742-1750. 
MEDDI, M. & HUBERT, P. (2003).— Impact de la modification du régime pluviométrique sur les ressources en eau 
du Nord-Ouest de l’Algérie. Hydrology of mediterranean and semiarid regions. Proceedings of an 
international symposium held at Montpellier. IAHS Publication N° 278. Wallingford (Great Britain): 
IAHS Press. 
OSTROFSKY, M.L. & DUTHIE, H.C. (1978).— An approach to modelling productivity in reservoirs. Proceedings: 
Congress in Denmark 1977 Part 3. Internat. Ver. Theoret. Angew Limnologie, 20: 1562-1567. 
RECKHOW, K.H. (1977).— Phosphorus models for lake management. Harvard University. 
RECKHOW, K. H. (1978).— Quantitative techniques for the assessment of lake quality. U.S. Environmental 
Protection Agency, Washington DC. 
SCHINDLER, D.W. (1971b).— A hypothesis to explain differences and similarities among lakes in the 
Experimental Lakes Area, northwestern Ontario. J. Fisher. Board Canada, 28: 295-301. 
SCHINDLER, D.W. (1978).— Factors regulating phytoplankton production and standing crop in the world’s 
freshwaters. Limnol. Oceanogr., 23: 478-486. 
SCHINDLER, D.W., ARMSTRONG, F.A.J., HOLMGREN, S.K. & BRUNSKILL, G.J. (1971a).— Eutrophication of Lake 
227, Experimental Lakes Area, northwestern Ontario, by addition of phosphate and nitrate. J. Fisher. 
Board Canada, 28: 1763-1782. 
SCHINDLER, D.W. & FEE, E.J. (1974).— Experimental Lakes Area: whole-lake experiments in eutrophication. J. 
Fisher. Board Canada, 31: 937-953. 
VALLENTYNE, J.R. (1974).— The Algal Bowl — Lakes and Man. Miscellaneous Special Publication 22. 
Department of the Environment. Fisheries and Marine Service, Ottawa, Canada. 
VOLLENWEIDER, R.A. (1968).— The scientific basis of lake and stream eutrophication, with particular reference 
to phosphorus and nitrogen as eutrophication factors. Organisation for Economic Cooperation and 
Development, 159, Paris. 
VOLLENWEIDER, R.A. (1969).— Possibilities and limits of elementary models for lake material balances. Arch. 
Hydrobiol., 66: 36. 
VOLLENWEIDER, R.A. (1975).— Input-output models. Schw. Zeitschr. Hydrol., 37: 53-84. 
VOLLENWEIDER, R.A. (1976).— Advances in defining critical loading levels for phosphorus in lake 
eutrophication. Mem. Instit. Ital. Idrobiol., Dott. Marco de Marchi Verbania Pallanza. 
WETZEL, R.G. (1975).— Limnology. W.B. Saunders, Philadelphia, London & Toronto. 
ZEKRI N. (2003).— Analyse du facteur de l’agressivité climatique dans la Tafna, nord-ouest algérien. Thèse de 
Magister, Université de Tlemcen, Algérie. 
